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(54) Scanning exposure apparatus. 

(57) In a projection exposure apparatus for trans- 
ferring a pattern formed in a transfer area on a 
mask (12) onto a photosensitive substrate by a 
scanning exposure system, there is an illumi- 
nating optical system for illuminating the trans- 
fer area of the mask through a rectangular 
aperture (44a) in a field stop (44) which is 
almost conjugate with the pattern surface of the 
mask and, conjugate with the pattern surface of 
the mask, there are light intercepting members 
(38,39) defining an aperture of which the width 
is variable in the direction of the relative scan- 
ning of the mask and the photosensitive sub- 
strate (5) for shielding at least a part of an 
illumination area on the mask which is defined 
by the rectangular aperture in the field stop 
from the light; there are also members 
(40A.40B) for driving the light intercepting 
members (38,39) so as to change the width of 
the variable aperture in operative association 
with the change in the position of the illumi- 
nation area on the transfer area of the mask as 
the mark is scanned. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 This invention relates to an exposure apparatus used in the lithography process for manufacturing, for ex- 

ample, semiconductor devices, liquid crystal display devices, thin film magnetic heads or the like, and partic- 
ularly to a scanning exposure apparatus in which a mask (or a reticle) and a photosensitive substrate are moved 
in synchronism with each other to thereby expose the pattern of the mask on the photosensitive substrate. 

w Related Background Art 

Now, in the photolithography process for the manufacture of semiconductor devices, use is made of a pro- 
jection exposure apparatus in which the pattern of a mask or a reticle (hereinafter generically referred to as 
the reticle) is transferred onto a semiconductor wafer having a photosensitive material (photoresist) applied 
15 thereto through a projection optical system. Recently, in order to meet the tendency of semiconductor devices 
toward bulkiness and minuteness, it has been desired to accomplish the enlargement of the image field of the 
projection optical system and an improvement in resolution. However, it is very difficult in design and manu- 
facture to realize both of the higher resolution and wider field of the projection optical system. So, attention 
has been paid to a scanning type exposure apparatus in which, as disclosed, for example, in U.S. Patent No. 
20 4,747,678, U.S. Patent No. 4,924,257 and U.S. Patent No. 5,194,893, only a localized area on a reticle is illu- 
minated and the reticle and a wafer are moved In synchronism with each other to thereby transfer the pattern 
of the reticle onto the wafer. The scanning type exposure apparatus, even if the image field of the projection 
optical system thereof is small, can transfer a pattern image of a large area onto the wafer and moreover can 
improve the resolution of the projection optical system relatively easily. 
25 Now, in the scanning type exposure apparatus, the reticle is scanned relative to an illumination area de- 

fined by a field stop (reticle blind). Accordingly, during the start and termination of the scanning, even the out- 
side of the pattern area on the reticle is illuminated and therefore, an unnecessary pattern may be transferred 
onto the wafer. To prevent the transfer of the unnecessary pattern, it would occur to mind to increase the width 
of a light intercepting zone which defines the pattern area, but in such case, the area of the pattern area on 
30 the reticle would become small, and this is against the desire to make the area of the transfer pattern large. 
Also, in a case where only one of two circuit patterns on the reticle is scanned and exposed on the wafer, a 
part of the other circuit pattern will be transferred onto the wafer if the width of a light intercepting zone par- 
titioning the two circuit patterns is smaller than the width of the illumination area. 

So, for example, in Japanese Patent Application Laid-Open No. 4-196513 (U.S. Serial No. 068,101 filed 
35 on May 28, 1993), it is proposed to make each blade (light intercepting plate) of a field stop defining an illu- 
mination area on a reticle movable, drive the blades at the start and end of scanning and vary the rectangular 
aperture in the field stop, i.e., the width of the illumination area on the reticle in the scanning direction, thereby 
preventing an unnecessary pattern from being illuminated. However, in the scanning type exposure apparatus, 
to obtain good illuminance uniformity on the wafer (in other words, to effect highly accurate control of exposure 
40 amount), the width of the illumination area in the scanning direction must be uniform. Accordingly, it is required 
of the field stop that there be little unevenness in edge portions perpendicular to the scanning direction and 
that the two edge portions be movement-controlled while being kept sufficiently parallel to each other when 
the width in the scanning direction is varied. However, the edge portions of the field stop are formed by some- 
thing like mechanical knife edges. That is, mechanical knife edges have the inconvenience that the shape error 
45 thereof is great and the uniformity of illuminance is reduced. Also, in movement-Controlling the aforedescribed 
field stop in synchronism with the scanning of the reticle, it is difficult to satisfy the accuracy required of par- 
allelism. To satisfy this, a highly accurate positioning mechanism will become necessary, and this leads to the 
inconvenience that the varying mechanism will become very much complicated. 

Also, in a scanning type exposure apparatus using a pulse light source, it is proposed to make the intensity 
so of light on a wafer in the scanning direction into a substantially isosceles trapezoidal shape as disclosed, for 
example, in U.S. Patent No. 4,822,975, in order to reduce the irregularity of the exposure amount on the wafer. 

SUMMARY OF THE INVENTION 

55 It is the object of the present invention to provide a scanning type exposure apparatus in which good illu- 

minance uniformity (exposure amount control accuracy) is obtained and which can transfer only a desired pat- 
tern on a mask onto a photosensitive substrate. 

A first scanning type exposure apparatus according to the present invention has a light source generating 
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illuminating light, an illuminating optical system for illuminating an illumination area on a mask by the illumin- 
ating light, and a projection optical system for projecting the image of a pattern in the illumination area onto 
a substrate, and the mask is scanned in a predetermined direction relative to the illumination area and the sub- 
strate is scanned in a predetermined direction relative to an exposure area conjugate with the illumination area 

5 with respect to the projection optical system, whereby the image of the pattern of the mask is scanned and 
exposed on the substrate. A fixed field stop for setting the illumination area on the mask to a predetermined 
shape and a predetermined size, and a light intercepting member for variably limiting the range of the illumin- 
ated area set on the mask by the field stop with respect to the predetermined direction are disposed on or near 
a plane in the illuminating optical system which is conjugate with the pattern surface of the mask. Also, the 

10 shape of the illumination area set on the mask by the field stop may preferably be set to a shape conforming 
to an integrated exposure amount distribution with respect to a direction perpendicular to the predetermined 
direction on the substrate. Further, it is preferable that the field stop be formed by coating the light-transmitting 
substrate with light intercepting film and the surface coated with the light intercepting film be installed at a 
position defocused by a predetermined amount from the plane conjugate with the pattern surface of the mask. 

15 According to the first scanning type exposure apparatus of the present invention, immediately after the 

start, and immediately before the termination, of the synchronized scanning of the mask and the substrate, a 
part of the illumination area set on the mask by the fixed field stop protrudes outwardly of a light intercepting 
zone on the mask which defines the pattern area. So, the light intercepting member provided discretely from 
the fixed field stop is moved in synchronism with the scanning of the mask, whereby the edge portion of the 

20 projected image of the light intercepting member onto the mask is set in the light intercepting zone of the mask. 
Thereby, a void pattern outside the light intercepting zone is prevented from being exposed on the substrate, 
in other words, a part thereof is prevented from being sensitized by light passing the outside of the light inter- 
cepting zone onto the substrate. Also, when the whole of the illumination area is present in the pattern area 
on the mask, the illumination area has its shape and size set by the fixed field stop. Accordingly, the position 

25 control accuracy of the light intercepting member may be approximately the width of the light intercepting zone 
on the mask. As described above, the fixed field stop for determining the integrated exposure amount on the 
substrate and the light intercepting member for limiting the illumination area on the mask are disposed sepa- 
rately from each other and therefore, the positioning accuracy of the light intercepting member may be rougher 
than in the apparatus of the conventional follow-up type, and the structure of a moving mechanism therefore 

30 and a control system can be simplified and the set accuracy of the shape and size of the illuminated area by 
the fixed field stop can be made higher. 

Also, where the shape of the aperture in the field stop is rectangular, if scanning exposure is effected with 
the mask and the substrate moved in Y-direction, the distribution of the integrated exposure amount E(X) on 
the substrate with respect to the non-scanning direction (X-directjon) perpendicular to the scanning direction 

35 (Y-direction) may sometimes be not uniform as shown in Fig. 5C of the accompanying drawings. So, as shown, 
for example, in Fig. 6A of the accompanying drawings, the shape of the aperture in the field stop is modified 
in conformity with the integrated exposure amount E(X) of Fig. 5C. Thereby, the distribution of the integrated 
exposure amount E(X) on the substrate in the non-scanning direction can be uniformized. 

Further, where the fixed field stop is formed by coating the light transmitting substrate within the prede- 

40 termined range thereof with light intercepting film, the aperture as shown, for example, in Fig. 6A can be formed 
highly accurately and the irregularity of the integrated exposure amount becomes small. Also, where the sur- 
face coated with the light intercepting film is installed at a position defocused by a predetermined amount from 
a plane conjugate with the pattern surface of the mask, the image of a foreign substance (dust or the like) 
adhering to the light transmitting substrate is blurredly projected onto the substrate and therefore, the foreign 

45 substance does not affect the irregularity of the integrated exposure amount on the substrate. 

A second scanning type exposure apparatus according to the present invention is provided with an illu- 
minating optical system for illuminating an illumination area on a mask, and a relative scanning member for 
scanning the mask and a photosensitive substrate in synchronism with each other, and has a fixed field stop 
disposed on a first mounting surface of a group of mounting surfaces comprising a surface near the pattern- 

50 formed surface of the mask, a surface in the illuminating optical system which is conjugate with the pattern- 
formed surface and a surface near the conjugate surface for setting the width of the illumination area on the 
mask in the scanning direction. The second apparatus is further provided with a movable field stop disposed 
on a second mounting surface differing from the first mounting surface of the group of mounting surfaces for 
setting a variable exposure area to be actually exposed on the photosensitive substrate in the illumination area 

55 on the mask, the movable field stop has a first vane and a second vane for setting fore and rear edge portions, 
respectively, relative to the scanning direction of the exposure area, and at the start of the exposure of the 
pattern of the mask, the first vane of the movable field stop is driven to move the fore edge portion relative to 
the scanning direction of the exposure area in synchronism in the scanning direction relative to the illumination 
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area, and at the end of the exposure of the pattern of the mask, the second vane of the movable field stop is 
driven to move the rear edge portion relative to the scanning direction of the exposure area in synchronism in 
the scanning direction relative to the illumination area. 

A third scanning type exposure apparatus according to the present invention is provided with a light source 
5 generating illuminating light, an illuminating optical system for illuminating an illumination area on a mask by 
the illuminating light, a projection optical system for projecting the image of a pattern in the illumination area 
onto a photosensitive substrate, and a relative scanning memberfor scanning the mask and the photosensitive 
substrate in synchronism with each other relative to the illumination area, and has a fixed field stop disposed 
on a first mounting surface spaced apart by Az in the direction of the optical axis thereof from a surface con- 
to jugate with the pattern-formed surface of the mask for setting the width of the illumination area on the mask 
in the scanning direction. The third apparatus is further provided with a movable field stop disposed on a sec- 
ond mounting surface substantially coincident with the surface conjugate with the pattern-formed surface of 
the mask for setting a variable exposure area to be actually exposed on the photosensitive substrate in the 
illumination area on the mask, and when the numerical aperture of the photosensitive substrate side of the 
15 projection optical system is NA W and the coherence factor of the illuminating light from the illuminating optical 
system is a and the projection magnification of the projection optical system is M RW and the magnification of 
the optical system between the surface conjugate with the pattern-formed surface of the mask near the f irst 
mounting surface and the pattern-formed surface is M BR and the allowable minimum value of the radius of the 
blur, on the photosensitive substrate, of the light emitted from a point on the surface on which the fixed field 
20 stop is disposed is ADmin, Az which is the defocus amount of the first mounting surface, the following condition 
is satisfied: 

| Az | ^ ADmin/IMBR-MRw-taniarcsinCMBR-MRw-NAw-CT)}] (1) 
According to the second scanning type exposure apparatus, the field stop for determining the width of the 
illumination area in the scanning direction is fixed and therefore, manufacture or adjustment can be done pre- 
25 cisely so that the edge portions in the scanning direction may become sufficiently parallel to each other. Also, 
provision is made of the movable field stop having the first vane and the second vane for determining the va- 
riable exposure area which may be rougher in shape accuracy than the illumination area. So, when for example, 
only one of a plurality of pattern areas on the mask is to be transferred onto the photosensitive substrate, the 
first vane is driven at the start of scanning exposure to move the fore edge portion of the exposure area relative 
30 to the scanning direction in the scanning direction relative to the illumination area, and at the end of scanning 
exposure, the second vane is driven to move the rear edge portion of the exposure area in the scanning di- 
rection relative to the illumination area. 

Thereby, only a desired pattern area is transferred onto the photosensitive substrate. In this case, the in- 
terval between the first vane and the second vane may be, at greatest, of such a degree that it slightly exceeds 
35 the width of the area conjugate with the illumination area. Moreover, the movement strokes of the first and 
second vanes may be of such a degree that slightly exceeds the width of the area conjugate with the illumin- 
ation area. Therefore, the movable field stop may be small. Further, the width of the light intercepting portion 
which partitions the plurality of pattern areas on the mask can be made smaller than the width of the illumination 
area in the scanning direction, and the area of the pattern areas on the mask can be secured widely. Also, the 
40 fixed field stop can be disposed in deviated relationship with the surface conjugate with the pattern-formed 
surface of the mask and therefore, spatial compatibility can be obtained even when the movable field stop for 
determining the variable exposure area is disposed, for example, on a plane substantially conjugate with the 
pattern-formed surface of the mask. 

Also, according to the third scanning type exposure apparatus of the present invention, use is made of 
45 the fixed field stop and therefore, manufacture or adjustment can be done precisely so that the edge portions 
of the slit-shaped illumination area in the scanning direction may become sufficiently parallel to each other. 
Further, use is also made of the movable field stop and therefore, only a desired circuit pattern can be trans- 
ferred onto the photosensitive substrate even when the width of the light intercepting portion which partitions 
a plurality of circuit patterns on the mask is small. Also, the movable field stop is disposed on a plane sub- 
50 stantially conjugate with the pattern-formed surface of the mask, and the fixed field stop is disposed while 
being deviated from the conjugate plane by the interval Az which satisfies the aforementioned conditional ex- 
pression (1). Therefore, as shown in Fig. 6B of the accompanying drawings, predetermined slopes can be given 
to the both ends of the illuminance distribution of the illumination area in the scanning direction. This is con- 
venient in controlling the exposure amount and in maintaining the uniformity of illuminance when the exposure 
55 light source is particularly a pulse light source such as an excimer laser. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically shows the construction of a scanning exposure apparatus according to a first em- 
bodiment of the present invention. 
5 Fig. 2 shows the construction of an illuminating optical system applied to the scanning exposure apparatus 

of Fig. 1. 

Fig. 3 is a perspective view showing the construction of a movable light intercepting plate and a fixed reticle 
blind in Fig. 2. 

Fig. 4 shows an illumination area and an illumination field on a reticle in Fig. 1. 
10 Fig. 5A shows an example of an aperture in the fixed reticle blind, Fig. 5B shows an exposure area on a 

wafer when the aperture of Fig. 5A is used, and Fig. 5C is a graph showing the integrated exposure amount 
distribution on the wafer in the non-scanning direction when the aperture of Fig. 5A is used. 

Fig. 6A shows a modification of the aperture in the fixed reticle blind, Fig. 6B shows the exposure area 
on the wafer when the aperture of Fig. 6A is used, and Fig. 6C is a graph showing the integrated exposure 
15 amount distribution on the wafer in the non-scanning direction when the aperture of Fig. 6A is used. 

Fig. 7 shows the construction of the illuminating optical system of a scanning exposure apparatus accord- 
ing to a second embodiment of the present invention. 

Fig. 8 shows the aperture pattern of a fixed reticle blind in Fig. 7. 

Fig. 9 shows the shapes of apertures in a variable pupil filter plate in Fig. 7. 
20 Fig. 10 schematically shows the construction of a scanning exposure apparatus according to a third em- 

bodiment of the present invention. 

Figs. 11A to 11F are views used to illustrate an example of the scanning exposing operation of the third 
embodiment. 

Figs. 12Ato 12C show the relations of movement velocity between a reticle and the vanes of a movable 
25 blind corresponding to the scanning exposing operation of Figs. 11 A to 11 F. 

Figs. 13A to 13F are views used to illustrate another example of the scanning exposing operation of the 
third embodiment. 

Fig. 14 shows a case where the number of the vanes of the movable blind is four. 

Fig. 15Ais a schematic view of the optical system from a fixed field stop, and Fig. 15B is a graph showing 
30 the illuminance distribution of the illuminated area on the reticle in the scanning direction. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A first embodiment of the present invention will hereinafter be described with reference to Figs. 1 to 4. 

35 Fig. 1 shows the construction of a scanning type exposure apparatus according to the present embodiment. 
In Fig. 1 , exposure light EL from an illuminating optical system, not shown, is applied to only a localized elongate 
rectangular area on a reticle 12. The exposure light EL passed through the reticle 12 enters a projection optical 
system 8, which projects the image of the pattern of the reticle 12 onto a wafer 5 having photoresist applied 
thereto. During scanning exposure, the reticle 12 is scanned at a predetermined velocity V in a forward direction 

40 perpendicular to the plane of the drawing sheet of Fig. 1 , relative to the illuminating area of the exposure light 
EL, and in synchronism therewith, the wafer 5 is scanned at a predetermined velocity V/M (1/M being the pro- 
jecting magnification of the projection optical system 8) in a backward direction perpendicular to the plane of 
the drawing sheet of Fig. 1. 

A drive system for the reticle 12 and wafer 5 will now be described. Acoarse movement stage 10 movable 

45 only in Y-direction (a direction perpendicular to the plane of the drawing sheet of Fig. 1 ) is placed on a support 
bed 9, and a fine movement stage 11 is placed on the coarse movement stage 10, and the reticle 12 is held 
on the fine movement stage 11 with a vacuum chuck or the like interposed therebetween. The fine movement 
stage 11 is finely movable in X- and Y-directions and the direction of rotation (9-direction) in a plane perpen- 
dicular to the optical axis AX of the projection optical system 8, and effects the highly accurate position control 

so of the reticle 12. A movable mirror 21 is disposed on one end portion of the fine movement stage 11, and the 
positions of the fine movement stage 11 in X-, Y- and 0-directions are normally monitored by a laser interfer- 
ometer 14 disposed on the support bed 9. Positional information S1 from the interferometer 14 is supplied to 
a main control system 22A. 

On the other hand, a Y stage 2 movable in Y-direction is placed on a support bed (base) 1, and an X stage 

55 3 movable in X-direction is placed thereon. Further, a ZL stage 4 finely movable in the direction of the optical 
axis AX and arbitrarily inclinable with respect to a plane perpendicular to the optical axis AX is provided on the 
X stage 3, and the wafer 5 is held on the ZL stage 4 with a vacuum chuck (9 table) interposed therebetween. 
A movable mirror 7 is fixed on the ZL stage 4, and the positions of the ZL stage 4 in X-, Y- and ^-directions 
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are monitored by an interferometer 13 disposed outside. Positional information from the interferometer 13 is 
also supplied to the main control system 22A. The main control system 22A controls the positioning operations 
of the Y stage 2 to the ZL stage 4 through a drive device 22B, etc. and also controls the operation of the entire 
apparatus. 

5 As will be described later in detail, a fiducial mark plate 6 is fixed to the vicinity of the wafer 5 on the ZL 

stage 4 in order to keep the correspondence between a wafer coordinates system defined by the interferometer 
13 and a reticle coordinates system defined by the interferometer 14. Various fiducial marks are formed on 
the fiducial mark plate 6. One of these fiducial mark is a fiducial mark being illuminated from the back thereof 
by the illuminating light directed to the ZL stage 4 side, i.e., a light-emitting fiducial mark. The construction of 

10 the fiducial mark plate 6 and an example of the illumination system therefor are disclosed, for example, in U.S. 
Patent No. 4,780,616. 

Also, above the reticle 1 2, there are provided alignment microscopes 1 9 and 20 for observing therethrough 
the fiducial marks on the fiducial mark plate 6 and the mark on the reticle 12 at a time. Further, mirrors 15 and 
16 for directing detection light from the reticle 12 to the alignment microscopes 1 9 and 20, respectively, are 

15 movably disposed, and when an exposure sequence is started, drive devices 17 and 18 retract the mirrors 15 
and 1 6, respectively, out of the optical path of the exposure light in accordance with a command from the main 
control system 22A. Further, on the Y-direction side portion of the projection optical system 8, there is disposed 
an alignment device 34 of the off-axis type for observing therethrough an alignment mark (wafer mark) on the 
wafer 5. The construction, etc. of the alignment device 34 are disclosed, for example, in U.S. Patent No. 

20 4,962,318. 

Fig. 2 shows an illuminating optical system in the present embodiment. In Fig. 2, exposure light (e.g. i-ray 
of wavelength 365 nm) from a mercury lamp 31 is condensed on a second focus of an elliptical mirror 32 by 
this elliptical mirror 32, whereafter it is converted into a substantially parallel beam of light by an input lens 33 
and enters a fly-eye lens 36. A shutter 34 is disposed near the second focus of the elliptical mirror 32, and the 
25 main control system 22Aopens and closes the shutter 34 through a drive device 35 to thereby control exposure 
time, etc.. 

A number of secondary light sources are formed on the exit side focal plane of the fly-eye lens 36 (which 
substantially coincides with the pupil plane of the illuminating optical system), and exposure light EL from these 
secondary light sources are applied via a first relay lens 37A onto a pair of movable light intercepting plates 
30 38 and 39 with uniform illuminance. The light passed through an aperture portion surrounded by the movable 
light intercepting plates 38 and 39 reaches a fixed type reticle blind 42 disposed a little apart from the movable 
light intercepting plates 38 and 39. The fixed type reticle blind 42 is provided by vapor-depositing chromium 
film 44 on that surface of a glass substrate 43 such as quartz which is adjacentto the movable light intercepting 
plates 38 and 39 to thereby form a rectangular aperture, and the shape and size (area) of an illumination area 
35 on the reticle 12 are determined by an aperture 44a (see Fig. 3) in the chromium film 44. Also, the movable 
light intercepting plates 38 and 39 are connected to drive devices 40A and 40B, respectively, and during scan- 
ning exposure, the main control system 22A effects the position control of the movable light intercepting plates 
38 and 39 through the drive devices 40A and 40B. 

Fig. 3 is an enlarged perspective view of the movable light intercepting plates 38, 39 and the fixed type 
40 reticle blind 42. In Fig. 3, a direction corresponding to the scanning direction (Y-direction) of the reticle 12 in 
Fig. 2 in a plane perpendicular to the optical axis AX of the illuminating optical system is defined as Y1-direction, 
and a direction corresponding to the non-scanning direction is defined as X1-direction. The movable light in- 
tercepting plate 38 is formed by making a vane 38y having an edge perpendicular to Y1-direction and a vane 
38x having an edge perpendicular to X1 -direction integral with each other. On the other hand, the movable 
45 light intercepting plate 39 is formed by making a vane 39y having an edge perpendicular to Y1-direction and 
a vane 39x having an edge perpendicular to X1-direction integral with each other. The vanes 38y and 39y each 
having an edge perpendicular to Y1 -direction are disposed in the same plane, and likewise, the vanes 38x and 
39x each having an edge perpendicular to X1-direction are disposed in the same plane. Further, the vanes 
38y, 39y and the vanes 38x, 39x are disposed in deviated relationship in the direction of the optical axis AX 
50 so as not to interfere with each other when the movable light intercepting plates 38 and 39 are moved. 

Also, the movable light intercepting plates 38 and 39 are supported for movement along X1-direction and 
Y1-direction, respectively. Also, the illumination area on the reticle 12 of Fig. 2 is limited in Y-direction by an 
aperture surrounded by the vanes 38y and 39y, and the illumination area on the reticle 12 of Fig. 2 is limited 
in X-direction by an aperture surrounded by the vanes 38x and 39x. In other words, the illumination area on 
55 the reticle 12 defined by the aperture 44a in the fixed type reticle blind 42 has its width (Y-direction) limited 
by the vanes 38y and 39y, and has its length (X-direction) limited by the vanes 38x and 39x. Now, the light 
passed through the aperture surrounded by the vanes 38y, 39y and the aperture surrounded by the vanes 
38x, 39x enters the fixed type reticle blind 42, and the light passed through the aperture 44a therein irradiates 



6 



EP 0 633 506 A1 



the reticle 12. 

Turning back to Fig. 2, the exposure light EL passed through the aperture in the fixed type reticle blind 
42 illuminates the illumination area 46 on the reticle 1 2 with uniform illuminance by way of a second relay lens 
37b, a mirror 41 and a main condenser lens 45. Strictly, the illumination area 46 is an area set by the aperture 
in the fixed type reticle blind 42, and the exposure light EL is applied only to an area in which the illumination 
area 46 and the illuminated field set by the aperture portion surrounded by the movable light intercepting plates 
38 and 39 overlap each other. When scanning exposure is to be effected, the reticle 12 is scanned at a pre- 
determined velocity in Y-direction (the direction parallel to the plane of the drawing sheet of Fig. 2) relative to 
the illumination area 46. 

Also, in the movable light intercepting plates 38 and 39, the vanes 38y and 39y setting the illumination 
field on the reticle 12 in the scanning direction (Y-direction) are disposed on a plane conjugate with the pattern- 
formed surface of the reticle 12, and the vanes 38x and 39x setting the illumination field on the reticle 12 in 
the non-scanning direction (X-direction) are disposed on a plane slightly defocused from that conjugate plane 
toward the first relay lens 37Aside. Also, the fixed type reticle blind 42 (the surface formed with the aperture 
44a by the vapor deposition of the chromium film 44) is disposed on a plane defocused by a predetermined 
distance from the plane conjugate with the pattern-formed surface of the reticle 12 toward the second relay 
lens 37B side. 

Also, during scanning exposure, the position of the reticle 12 in Y-direction is normally detected by a mov- 
able mirror 21y for Y-direction on the fine movement stage 11 and an interferometer 14y for Y-direction. The 
result of this detection is supplied to the main control system 22A, which thus controls the scanning velocity 
of the coarse movement stage 10 (and further the positions of the fine movement stage 11 in X-, Y-and 9-di- 
rections) through a drive portion 47 in conformity with the position of the reticle 1 2 in Y-direction and the position 
of the wafer 5 in Y-direction obtained from the interferometer 13. : , 

An example of the scanning exposure operation in the present embodiment will now be described with 
reference to Fig. 4. 

Fig. 4 shows the construction of the reticle 12 used in the present embodiment, and the image of the pat- 
tern in the pattern area PA of the reticle 12 is exposed on the wafers. Also, the pattern area PA is surrounded 
by a light intercepting zone (inhibition zone) 48 of a predetermined width. The exposure light EL is applied to 
only an area in which the illumination area 46 on the reticle 12 set by the fixed type reticle blind 42 and the 
illumination field 49 set by the movable light intercepting plates 38 and 39 overlap each other. So, when the 
scanning of the reticle 12 in Y-direction is to be started, the vane 38y of the movable light intercepting plate 

38 is moved in Y1-direction in synchronism with the scanning of the reticle 12 in Y-direction, whereby the edge 
portion 49a of the illumination field 49 on the scanning direction side is set within the light intercepting zone 
48. When the reticle 12 further advances in Y-direction and the edge portion 46a of the illumination area 46 
on the scanning direction side comes to the light intercepting zone 48, the vane 38y is greatly moved in Y1- 
direction to thereby move the edge portion 49a of the illumination field 49 to the outside of the light intercepting 
zone 48. 

At this time, the edge portions on both sides (two sets extending in X-direction) of the illumination field 
49 arranged in the scanning direction (Y-direction) are set outside the illumination area 46. On the other hand, 
the edge portions on both sides (two sets extending in Y-direction) of the illumination field 49 arranged in the 
non-scanning direction (X-direction) are set within the light intercepting zone 48, particularly the light intercept- 
ing zone extending in Y-direction. Also, the edges on both sides (two sets extending in Y-direction) of the illu- 
mination area 46 set by the aperture 44a in the fixed type reticle blind 42 which are arranged in X-direction 
are set outside the light intercepting zone 48. Accordingly, as long as the illuminated area 46 is set within the 
pattern area PA the image of the pattern within a range set in the illumination area 46 in the scanning direction 
and partitioned by the light intercepting zone 48 in the non-scanning direction is projected onto the wafer 5. 
Thereafter, during the time from a point of time at which the reticle 12 further advances in Y-direction and the 
rear edge portion 49b of the illumination field 49 with respect to the scanning direction comes to the light in- 
tercepting zone 48 until scanning exposure is terminated, the vane 39y of the movable light intercepting plate 

39 is scanned in Y1-direction in synchronism with the scanning of the reticle 12, whereby the edge portion 49b 
is put into the light intercepting zone 48. Thereby, the exposure light passed through the outside of the light 
intercepting zone 48 is prevented from being applied onto the wafer 5. The illumination field 49 determined by 
the movable light intercepting plates 38 and 39 as described above is controlled so as to be always positioned 
outside the light intercepting zone 48 on the reticle, thereby preventing the illuminating light from leaking out 
of the light intercepting zone 48 on the reticle 12 even during scanning exposure, particularly immediately after 
the start, and immediately before the termination, of scanning exposure. 

As described above, in the present embodiment, the positioning accuracy of the movable light intercepting 
plates 3B and 39 for shielding the other area than the pattern area PA on the reticle 12 from the light may be 
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of the order of the width of the light intercepting zone 48 on the reticle 12 and thus, a driving mechanism and 
a control mechanism can be simplified. 

Now, assuming in the present embodiment that the intensity of the exposure light EL is constant and the 
scanning velocities of the reticle 12 and wafer 5 are constant, the integrated exposure amount on the wafer 5 

s is determined in conformity with the width, in the scanning direction (Y-direction), of the illumination area 46 
on the reticle 12 which is set by the fixed type reticle blind 42. In this case, it is considered that in conformity 
with the optical characteristic or the like of the illuminating optical system, the illuminance distribution on the 
wafer 5 with respect to X-direction perpendicular to the scanning direction has predetermined irregularity. If 
as shown, for example, in Fig. 5A f the aperture 44a in the fixed type reticle blind 42 is rectangular, the shot 

10 area SA on the wafer 5 is scanned in Y-direction relative to a rectangular exposure area (the projected area 
of the reticle pattern) conjugate with the aperture 44a, as shown in Fig. 5B. Accordingly, the distribution of the 
integrated exposure amount E(X) on a straight line on the shot area SA along X-direction (the non-scanning 
direction) may sometimes become irregular with a predetermined width relative to a target exposure amount 
E 0 , as indicated by the distribution curve 50 of Fig. 5C. 

15 In this case, the distribution curve 50 is actually measured for each projection exposure apparatus and 

as shown in Fig. 6A, the shape of the aperture 44b in the fixed type reticle blind 42 (particularly the distribution 
of the width in Y1-direction corresponding to the scanning direction (Y-direction)) is determined so as to be 
substantially inversely proportional to the height of the distribution curve 50. That is, in the portion wherein 
the value of the distribution curve 50 is great, the width of the aperture 44b is made small, and in the portion 

20 wherein the value of the distribution curve 50 is small, the width of the aperture 44b is made great. Here, the 
shot area SAon the wafer 5 is scanned in Y-direction relative to an exposure area 46B (Fig. 6B) similar in shape 
to the aperture 44b. Thus, the distribution of the integrated exposure amount E(X) on a straight line on the 
shot area SA along X-direction (the non-scanning direction) becomes substantially coincident with the target 
exposure amount E 0 over the entire range, as indicated by the distribution curve 51 of Fig. 6C. 

25 As described above, according to the present embodiment, an aperture of a shape determined in conform- 

ity with the distribution of the integrated exposure amount in the non-scanning direction is formed in the fixed 
type reticle blind 42, and the reticle 12 is scanned relative to the illumination area 46 similar in shape to this 
aperture and therefore, the distribution of the integrated exposure amount on the wafer 5 in the non-scanning 
direction is uniformized. Also, in the fixed type reticle blind 42, the shape of the aperture in the chromium film 

30 44 applied to the glass substrate 43 can be highly accurately set to a desired shape and therefore, the distrib- 
ution of the integrated exposure amount with respect to the non-scanning direction can be uniformized with 
high accuracy. Also, the both surfaces of the glass substrate 43 of the fixed type reticle blind 42 are spaced 
apart from the plane conjugate with the pattern-formed surface of the reticle 12 and therefore, the image of 
a foreign substance (such as dust) adhering to the glass substrate 43 is not defocusedly transferred onto the 

35 wafer 5 and moreover, the distribution of the integrated exposure amount is not disturbed. 

In the first embodiment, the glass substrate 43 is coated with the chromium film in order to improve the 
accuracy of the shape of the aperture in the fixed type reticle blind 42. However, it is apparent that if mechanical 
manufacturing accuracy is improved in the future so that the shape of a knife edge can be formed in conformity 
with the irregularity of the integrated exposure amount in the non-scanning direction (the irregularity of illumi- 

40 nance), a blind for setting the aperture by a mechanical type knife edge will be usable as the fixed type reticle 
blind 42. 

Also, in the first embodiment, the aperture in the blind is designed in advance to a desired shape, but sub- 
stantially a similar effect will also be obtained by black-painting the pattern portion on the glass substrate 43 
or planing the chromium portion (light intercepting portion) on the glass substrate 43, in conformity with the 

45 irregularity of illuminance which can be known by measurement 

Further, in the first embodiment, the fixed type reticle blind 42 and the movable light intercepting plates 
38, 39 are disposed apart from each other by a predetermined distance, but alternatively, for example, a relay 
lens system may be provided in the illuminating optical system to thereby make a plane conjugate with the 
pattern-formed surface of the reticle, and the fixed type reticle blind 42 and the light intercepting plates 38, 

so 39 may be disposed conjugately with the relay lens system. That is, the fixed type reticle blind and the light 
intercepting plates need not be disposed in proximity to the vicinity of the same conjugate plane. Also, the light 
intercepting plates 38 and 39 may be deviated in the direction of the optical axis by a predetermined amount 
from the plane conjugate with the pattern-formed surface of the reticle. 

A second embodiment of the present invention will now be described with reference to Figs. 7 to 9. This 

55 embodiment is one in which a part of the illuminating optical system in the first embodiment (Fig. 2) is improved 
to realize ordinary illumination, zonal illumination and modified illumination in a switching manner. In Fig. 7, 
portions corresponding to those in Fig. 2 are given the same reference characters and need not be described 
in detail. Also, the coherence factor (a value) representative of the degree of coherency of the exposure light 
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is defined by the ratio between the reticle side numerical aperture of the illuminating optical system and the 
reticle side numerical aperture of the projection optical system, and the illuminating optical system changed 
over in the present embodiment includes an ordinary optical system, an optical system in which a value is made 
small, an optical system for the so-called modified light source method (modified illuminating method) and an 
5 optical system for the zonal illuminating method. The modified light source method (see Japanese Patent Ap- 
plication Laid-Open No. 4-225514 (U.S. Serial No. 791 ,138 filed on November 13, 1991)) is a technique of dis- 
posing a plurality of (e.g. four) secondary light sources about the optical axis in the illuminating optical system 
to thereby improve particularly the resolution during the projection of a line-and-space pattern and widen the 
depth of focus. Also, the zonal illuminating method (see Japanese Patent Application Laid-Open No. 61-91662) 
w is a technique of bringing about improvements in the resolution and the depth of focus when a predetermined 
pattern is projected. The zonal light source method and the zonal illuminating method are disclosed, for ex- 
ample, in SPIE Optical/Laser Microlithography V, Vol. 1674, 1992. 

Again in the present embodiment, the construction of the body portion including the projection optical sys- 
tem 8 is similar to that shown in Fig. 1, but further, a variable aperture stop (not shown) for changing the nu- 
ts merical aperture of the projection optical system 8 is provided on the pupil plane (Fourier transform plane) of 
the projection optical system 8. The main control system 22A sets the numerical aperture of the projection 
optical system 8 to a predetermined value through the variable aperture stop in conformity with the pattern or 
the like of the reticle 12 to be projected, and also effects the changeover of the illuminating optical system. 
Fig. 7 shows the illuminating optical system in the present embodiment. In Fig. 7, a variable aperture stop 
20 (hereinafter referred to as the filter plate) 56 is disposed on a plane on the exit surface (reticle side surface) 
of the fly-eye lens 36 which is conjugate with the pupil plane of the projection optical system 8, for rotation 
about a rotary shaft 57a, and a rotating device 57 is mounted on the rotary shaft 57a. The rotating device 57 
rotates the filter plate 56 by a commanded angle of rotation in response to a command from the main control 
system 22Aof Fig. 1. 

25 Fig. 9 shows four kinds of aperture stops provided in the filter plate 56. In Fig. 9, a first circular aperture 

58, a second circular aperture 59, a zonal aperture 60 and an aperture 61 for a modified light source comprising 
four small apertures 61a to 61d are formed in the filter plate 56 comprising a light intercepting disc, at intervals 
of 90° about the rotary shaft 57a. The first circular aperture 58 sets the aforementioned a value to e.g. a = 
0.5 to 0.8. On the other hand, the second circular aperture 59 is used for a phase shift reticle, and sets the a 

30 value to e.g. a = 0.1 to 0.4. 

In Fig. 7, the rotating device 57 rotates the filter plate 56 to thereby set one of the four kinds of apertures 
58 to 61 on the exit surface of the fly-eye lens 36. When the first circular aperture 58 is selected, exposure is 
effected by the ordinary illuminating method, and when the second circular aperture 59 is selected, exposure 
is effected with the a value drawn, and when the zonal aperture 60 is selected, exposure is effected by the 

35 zonal illuminating method, and when the aperture 61 for the modified light source is selected, exposure is ef- 
fected by the modified light source method. Further, in conformity with the illuminating method selected, the 
diameter (numerical aperture NA) of the variable aperture stop in the projection optical system is also set to 
a corresponding value. 

As described above, in the present embodiment, the illuminating method can be changed over, but when 

40 the illuminating method is changed over, the optical paths of the exposure light in the illuminating optical system 
and the projection optical system 8 also change and therefore, there is the possibility of illuminance irregular- 
ities of different tendencies occurring on the exposed surface of the wafer 5 for each illuminating method. That 
is, even if design is made at all such that illuminance irregularity does not occur in the ordinary illuminating 
method, there is the possibility of illuminance irregularity occurring when exposure is effected with the ordinary 

45 illuminating method changed over to another illuminating method. A technique for avoiding this is to design 
and manufacture the illuminating optical system and the projection optical system 8 so that illuminance irreg- 
ularity may not occur even if the optical paths of the exposure light change, but this is very difficult and in- 
creases the manufacturing costs of the optical systems. 

So, in the present embodiment the shape of the aperture in the fixed type reticle blind disposed between 

50 the movable light intercepting plates 38, 39 and the second relay lens 37B is made changeable in conformity 
with the illuminating method to thereby prevent the occurrence of illuminance irregularity. 

That is, in Fig. 7, a f ixed type reticle Wind 52 formed with a plurality of apertures is disposed at a prede- 
termined distance from the movable light intercepting plates 38, 39 toward the reticle 12 side, and this fixed 
type reticle blind 52 is supported so that it can be moved in Y1 -direction corresponding to the scanning direction 

55 (Y-direction) of the reticle 12 by a slide mechanism 55. The fixed type reticle blind 52 in the present embodi- 
ment, like that in the first embodiment (Fig. 6A), is formed with apertures by applying light intercepting film 
(chromium film) 54 onto a glass substrate 53, and the f ixed type reticle blind 52 is formed with four apertures 
(Fig. 8) correspondingly to the four apertures 58 to 61 of Fig. 9. Also, the surface of the fixed type reticle blind 
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52 which is coated with the chromium film 54 is disposed on a plane defocused by a predetermined spacing 
from the plane conjugate with the pattern-formed surface of the reticle 12 toward the second relay lens 37 
side. 

Fig. 8 shows an aperture pattern formed in the chromium film 54 of the fixed type reticle blind 52. In Fig. 
5 8, four apertures 54a to 54d are arranged and formed in Y1 -direction in the chromium film 54. Each of the four 
apertures 54a to 54d is of an elongate rectangular shape extending in X1-direction corresponding to the non- 
scanning direction (X-direction) of the reticle 12, i.e., a direction perpendicular to Y1-direction, and determines 
the shape and size of the illumination area 46 on the reticle 12. In the other points, the construction of the 
present embodiment is similar to that of the first embodiment (Fig. 2). 
w Now, in Fig. 7, the angle of rotation of the filter plate 56 is changed to thereby set one of the four apertures 

58 to 61 of Fig. 9 on the exit surface side of the fly-eye lens 36 and in operative association therewith, the 
fixed type reticle blind 52 is slidden to thereby set one of the four apertures 54a to 54d of Fig. 8 corresponding 
to the aforementioned one aperture on the vicinity of the reticle side of the movable light intercepting plates 
38 and 39. In this case, the distribution of the integrated exposure amount on the wafer 5 in the non-scanning 
15 direction (X-direction) when the reticle 12 is scanned with the four kinds of apertures in the filter plate 56 suc- 
cessively set on the exit surface side of the fly-eye lens 36 is measured in advance, for example, by the use 
of a quantity-of-light sensor on the Z stage 4. The shapes of the edge portions 54ya to 54yd of the apertures 
54a to 54d in the fixed type reticle blind 52 which extend in X1-direction (a direction corresponding to the non- 
scanning direction) are then deformed as shown in Fig. 8 so that the distribution of the integrated exposure 
20 amount may become constant. 

As described above, according to the present invention, even when any of the ordinary illuminating meth- 
od, the illuminating method in which ct value is small, the modified light source method and the zonal illumin- 
ating method is used, the shapes of the edge portions of the apertures 54a to 54d in the fixed type reticle 
blind 52 used in each illuminating method are adjusted and therefore, the uniformity of illuminance on the wafer 
25 5 after the pattern image of the reticle 12 is exposed on the wafer 5 by the scanning system becomes good. 

It is considered that depending on the illuminating method used, the illuminance (and further the integrated 
exposure amount) on the wafer 5 may differ. For example, in Fig. 9, as compared with a case where the first 
circular aperture 58 is used, the illuminance on the wafer 5 may be reduced when the aperture 61 for the modi- 
fied light source is used. In such a case, when exposure is effected by the modified light source method, it 
30 would occur to mind to make the scanning velocities of the reticle 12 and wafer 5 lower than when exposure 
is effected by the ordinary illuminating method. However, this would reduce the throughput. So, to avoid a great 
reduction in the throughput, in the fixed type reticle blind 52 of Fig. 8, the average value of the width of the 
aperture 54d for the modif ied light source method in Y1 -direction can be made greater than the average value 
of the width of the aperture 54a for the ordinary illuminating method in Y1 -direction. Thereby, even when the 
35 modified light source method is used, an integrated exposure amount equal to that when the ordinary illumin- 
ating method is used on the wafer 5 can be obtained almost without the throughput being reduced and illumi- 
nance irregularity does not occur. 

Also, in the second embodiment, the shapes of the apertures 58 to 61 formed in the filter plate 56 of Fig. 
9 are individually constant, but provision may be made of a mechanism capable of adjusting the diameters, 
40 etc. of the apertures 58 to 61. In such case, it is desirable to provide a mechanism capable of changing the 
widths, in Y1-direction, of the apertures 54a to 54d in the fixed type reticle blind 52 of Fig. 8 and the shapes 
of the edge portions of these apertures which extend in X1-direction. Specifically to change, for example, the 
shape, etc. of the aperture 54a, there is a method of forming the aperture by embracing it with two knife edges 
movable in Y1-direction, or selecting an aperture of a shape most approximate to the required shape from 
45 among a number of apertures prepared in advance. 

A third embodiment of the present invention will now be described with reference to Figs. 10 to 15Aand 
15B. Fig. 10 shows the general construction of a scanning type projection exposure apparatus according to 
the present embodiment. In Fig. 1 0. an elongate rectangular illumination area 1 21 on a reticle R which extends 
in Y-direction (a direction perpendicular to the plane of the drawing sheet of Fig. 10) is illuminated with uniform 
so illuminance by a pulse light source 101 and an illuminating optical system including a beam shaping optical 
system 102 to a relay lens 108, and the image of the pattern of the reticle R in the illumination area 121 is 
transferred onto a wafer W through a projection optical system 113. The pulse light source 101 may be an ex- 
cimer laser source such as an ArF excimer laser or a KrF excimer laser, or a higher harmonic generating device 
such as a metal steam laser or a YAG laser. 
55 In Fig. 10, the illuminating light from the pulse light source 101 enters the beam shaping optical system 

102 having a cylindrical lens, a beam expander, etc., and has its beam diameter enlarged in the beam shaping 
optical system and has its aspect ratio changed, and reaches a fly-eye lens 102. A number of secondary light 
sources are formed on the exit surface of the fly-eye lens 1 03, and the light from these secondary light sources 



10 



EP 0 633 506 A1 



is condensed by a condenser lens 104 and reaches a movable blind 107 via a fixed field stop (reticle blind) 
105. In Fig. 10, the field stop 105 is disposed more adjacent to the condenser lens 104 than to the movable 
blind 107, but conversely the field stop 105 may be disposed toward a relay lens system 108. 

The field stop 105 is formed with an elongate rectangular aperture, and a beam of light passed through 

5 the field stop 105 has its cross-sectional shape made into a rectangle and enters the relay lens system 108. 
The relay lens system 108 is a lens system for linking the movable blind 107 and the pattern-formed surface 
of the reticle R together substantially in conjugate relationship. The movable blind 107 is comprised of two 
vanes (light intercepting plates) 107Aand 107B prescribing the width in the scanning direction (X-direction) 
which will be described later, and two vanes (not shown) prescribing the width in a direction (Y-direction) per- 

w pendicular to the scanning direction. Further, the vanes 107A and 107B prescribing the width in the scanning 
direction are supported so as to be independently movable in the scanning direction by drive portions 106A 
and 106B, respectively. In the present embodiment, the illuminating light is applied only to an illumination field 
particularly set by the movable blind 107 within the illumination area 121 on the reticle R set by the fixed field 
stop 1 05. The relay lens system 1 08 is a both-side telecentric optical system, and its telecentricity is maintained 

15 in the illumination area 121 on the reticle R. 

The reticle R in the present embodiment is placed on a reticle stage 1 09, and the image of a circuit pattern 
in the illumination area 121 on the reticle R and in the illumination field defined by the movable blind 107 is 
projected onto the wafer W through the projection optical system 1 1 3. An area on the wafer W which is conjugate 
with the illumination area 121 with respect to the projection optical system 113 is defined as an exposure area 

20 1 22. Also, it being understood that in a plane perpendicular to the optical axis AX of the projection optical system 
113, the scanning direction of the reticle Rfor the illuminated area 121 is X-direction (or -X-direction), a direction 
parallel to the optical axis AX of the projection optical system 113 is defined as Z-direction. 

In this case, the reticle stage 109 is driven by a drive portion 110 to thereby move the reticle Rata constant 
velocity in the scanning direction, and the operations of the drive portions 106Aand 106Bforthe movable blind 

25 107 which is driven in synchronism with the scanning of the reticle R are controlled by a control portion 111. 
It is a main control system 112 for generally controlling the operation of the entire apparatus that controls the 
operations of the drive portion 110 and the control portion 111. On the other hand, the wafer W is placed on 
a wafer stage 114, which is comprised of an XY stage for effecting the positioning of the wafer W in a plane 
perpendicular to the optical axis AX of the projection optical system 113 and scanning the wafer W in ±X-di- 

30 rections, and a Z stage for effecting the positioning of the wafer W in Z-direction. The main control system 112 
controls the positioning operation and scanning operation of the wafer stage 114 through a drive portion 115. 

When the projected image of the pattern on the reticle R is to be scan-exposed on each shot area on the 
wafer W, the reticle stage 109 is driven in +X-direction (or -X-direction) relative to the illumination area 121 
set by the field stop 105 to thereby scan the reticle R. Further, in synchronism with this scanning, the wafer 

35 stage 114 is driven in -X-direction (or +X-direction) relative to the exposure area 122 conjugate with the illu- 
mination area 121 to thereby scan the wafer W. That is, this -X-direction (or X-direction) is the scanning direc- 
tion of the wafer W. By thus scanning the reticle R and wafer W in synchronism with each other, the projected 
image of the pattern of the reticle R is transferred onto each shot area on the wafer W. 

Now, it is practised to provide a plurality of circuit pattern areas on the reticle R in order to shorten the 

40 time required for the interchange of the reticle to thereby improve the throughput. The movable blind 107 is 
used to select a circuit pattern area to be transferred from among the plurality of circuit pattern areas on the 
reticle R. So, in the projection exposure apparatus of the present embodiment, provision is made of an input 
portion 116 for inputting the information regarding the circuit pattern areas on the reticle R, and a memory 
portion 117 for storing therein the circuit pattern information from the input portion 116, and on the basis of 

45 the circuit pattern information in the memory portion 117, the main control system 112 drives the vanes 107A 
and 107B of the movable blind 107 at a predetermined sequence through the control portion 111 and the drive 
portions 106Aand 106B. 

An example of the operation when in the present embodiment, scanning exposure is effected by the step 
and scan system will now be described with reference to Figs. 10 and 11 A to 11F. As shown in Fig. 11 A, two 

so circuit pattern areas 120Aand 120B are formed on the reticle R, a light intercepting portion (light intercepting 
zone) 120C having a width L1 in the scanning direction is formed on the boundary portion between the circuit 
pattern areas 120Aand 120B, and light intercepting portions 120D and 120E each having the same width L1 
are aJso formed outside the circuit pattern areas 120A and 120B as viewed in the scanning direction. Also, in 
the present embodiment, the illumination area 121 formed on the reticle R is an elongate rectangle having a 

55 width L2 in the scanning direction as shown in Fig. 11 A, and the width L1 of the light intercepting portions 120C, 
120D and 120E is smaller than the width L2 of the illumination area 121. 

Now, the operator first inputs the information regarding the circuit pattern areas 120A and 120B on the 
reticle R to the memory portion 117 through the input portion 116 of Fig. 10. When the pattern image in the 
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first circuit pattern area 120A is to be transferred onto the wafer W through the projection optical system 113, 
the main control system 112 reads out the information regarding the first circuit pattern area 120A, of the circuit 
pattern information stored in the memory portion 117, and controls the positions of the vanes 107A and 107B 
of the movable blind 107 in the scanning direction through the control portion 111 on the basis of this informa- 
5 tion. Thus, as shown in Figs. 11 B to 11 F, the second circuit pattern area 120B on the reticle R is always covered 
with the vane 1 07B so that the illuminating light may be applied to only the first circuit pattern area 120A. How- 
ever, in Figs. 11 A to 11 F, the images of the vanes 107A and 1 07B of the movable blind 107 are actually projected 
onto the reticle R, and those images are regarded as the vanes 107Aand 107B, respectively. 

More particularly, the main control system 112 drives the reticle stage 109 through the drive portion 110 
10 and positions the illumination area 121 at the left of the first circuit pattern area 120Aon the reticle R as shown 
in Fig. 11 A. Thereafter, it closes the vanes 107A and 107B as shown in Fig. 11 B, and positions the boundary 
portion between the vanes 1 07Aand 1 07B so as to overlap the light intercepting portion 1 20D. The main control 
system then drives the reticle stage 109 to thereby move the reticle R and the vane 107A in -X-direction (the 
scanning direction) in synchronism with each other as shown in Fig. 11C. As is apparent from Fig. 10, actually 
15 the vane 107A is moved in X-direction, but in Figs. 11 A to 11F, the projected image is handled and therefore, 

the scanning direction of the vanes 107Aand 107B is the same as the scanning direction of the reticle R. Also, _ 
in the illumination area 121, the pattern in the area between the right edge portion 107Ae of the vane 107A s 
and the left edge portion 107Be of the vane 107B is transferred onto the wafer W. 

At a point of time whereat as shown in Fig. 11 D, the right edge portion 107Ae of the vane 1 07A goes beyond 
20 the left end of the illumination area 121 , the vane 107A starts to decelerate. After a point of time at which to- 
gether with this operation, the light intercepting portion 120C has overlapped the left edge portion 107Be of 
the vane 107B, the vane 107B is scanned in -X-direction in synchronism with the reticle R as shown in Fig. 
11E. At a point of time whereat as shown in Fig. 11F, the pattern area 120A has passed the illumination area 
121 and scanning exposure has ended, the deceleration of the reticle R and the vane 107B is started, and at 
25 a point of time whereat the reticle R has finally come to a halt, the vanes 107A and 107B become stationary 
in such a manner as to be closed on the light intercepting portion 120C. 

On the other hand, in synchronism with the movement of the reticle R and movable blind 107, the main 
control system 112 drives the wafer stage 114 through the drive portion 115 to thereby scan the wafer W in 
the scanning direction (X-direction). Assuming that the projecting magnification of the projection optical system 
30 1 1 3 is M RW , during scanning exposure, the reticle R is scanned at a velocity V RO in -X-direction (or X-direction) 
and in synchronism therewith, the wafer W is scanned at a velocity V wo (= Mwr V ro ) in X-direction (or -X-di- 
rection). In this case, the illuminating light is applied to only the first circuit pattern area 120A on the reticle R 
and therefore, only the pattern image of the first circuit pattern area 120A is transferred onto the wafer W. 
When the reticle R is to be scanned in X-direction relative to the illumination area 121, the vanes 107A and 
35 107B of the movable blind 107 are controlled in the order of Figs. 11F, 11E, 11B. 

The relations between the movement velocities of the reticle R and the vanes 107A, 1 07B shown in Figs. — 
11Ato 11F will now be described with reference to Figs. 12Ato 12C. The velocity V R of the reticle R, the velocity 
V 7A of the vane 107Aand V 7B of the vane 107B are shown in Figs. 12A, 12B and 12C, respectively. First, cor- 
respondingly to the states of Fig. 11 B to Fig. 11C, the reticle R and the vane 107Aare moved in synchronism 
40 with each other as indicated by the period T n of Figs. 12A to 12C, and after a period T SE , which is required till 
the velocity V R becomes stable, scanning exposure is effected during a period T 2 for which the velocity V R of 
the reticle R is stable. Thereafter, correspondingly to the states of Fig. 11E to Fig. 11F, the reticle R and the 
vane 1 07B are moved until stopped in synchronism with each other as indicated by the period T 3 of Figs. 1 2A 
to 12C. During this period T 3 or the period for which the reticle R is stopped, the wafer W effects stepping in 
45 Y-direction and the shot area to the next exposed immediately before the exposure area 122 is positioned. 

Further, correspondingly to the states of Fig. 11 F to Fig. 11 E, the reticle R and the vane 107B are moved 
in synchronism with each other during the period T 4 of Figs. 12A to 12C, and after the period T SE , scanning 
exposure is effected during a period T 5 for which the velocity V R of the reticle R is stable. Thereafter, corre- 
spondingly to the states of Fig. 11C to Fig. 11 B, the reticle R and the vane 107A are moved until stopped in 
so synchronism with each other as indicated by the period T 6 of Figs. 12A to 12C. Thereafter, this operation is 
repeated. Also, in Figs. 12Ato 12C, the velocity VVb of the vane 107B during the periods T, and T 6 should only 
be roughly controlled to such a degree that it substantially comes into the hatched portions 124A and 124B of 
Fig. 12C, and the velocity V 7A of the vane 107A during the periods T 3 and T 4 should only be roughly controlled 
to such a degree that it substantially comes into the hatched portions 123Aand 123B of Fig. 11 B. Accordingly, 
55 the control of the vanes 107A and 107B is easy. 

Also, when the pattern of the second circuit pattern area 120B on the reticle R of Fig. 11A is to be trans- 
ferred onto the wafer W, the main control system 112 reads out the information regarding the second circuit 
pattern area 120B, of the input information stored in the memory portion 117, and on the basis of this infor- 
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mation, it controls the positions of the vanes 107A and 107B in the scanning direction through the control por- 
tion 111. That is, in a way of thinking similar to that shown in Figs. 11 A to 11 F, the vane 107A is made to follow 
the light intercepting portion 120C at the start of exposure and the vane 107B is made to follow the light inter- 
cepting portion 120E at the end of exposure, and the illuminating light is applied to only the second circuit pat- 
5 tern area 120B in such a manner that the first circuit pattern area 120A on the reticle R is covered with the 
vane 107A. Thereby, only the pattern image of the second circuit pattern area 120B is transferred onto the 
wafer W. 

As described above, according to the present embodiment, the other areas than the circuit pattern area 
to be exposed are shielded from the light by the vanes 107A and 107B constituting the movable blind 107 and 

10 therefore, there is the advantage that even when a plurality of circuit pattern areas are formed on the reticle 
R at narrow intervals with respect to the scanning direction, only the desired one of those circuit pattern areas 
can be transferred onto the wafer W. Accordingly, a plurality of circuit pattern areas can be formed on the reticle 
R at narrow intervals and at high density. Further, as can be seen from Figs. 11 A to 11 F, the maximum value 
of the interval between the vanes 107A and 107B may be of such a degree that it slightly exceeds the width 

15 of the area conjugate with the illumination area 121, and the movement stroke of the vanes 107A and 107B 
may also be of such a degree that it slightly exceeds the width of the area conjugate with the illumination area. 
This leads to the advantage that the shape of the movable blind 107 may be small. 

Another example of the operation when scanning exposure is effected by the step and scan system will 
now be described with reference to Figs. 10 and 13Ato 13F. Again in this example, the reticle R to be exposed, 

20 as shown in Fig. 1 3A, is provided with two circuit pattern areas 120Aand 120B, like the reticle of Fig. 11 A, but 
the control method for the vanes 107A and 107B of the movable blind 107 differs from the case of Figs. 11A 
to 11F. In the present example, before the start of exposure, as shown in Figs. 13B to 13F, the edge portions 
of the vanes 107Aand 107B (actually the projected images of these) are set in the light intercepting portions 
120D and 120C, respectively, and subsequently the reticle stage 109 is driven to move the reticle R and the 

25 vanes 107 A, 1078 in synchronism with each other in -X-direction which is the scanning direction. Also, in syn- 
chronism therewith, the wafer W is moved in the scanning direction (X-direction). 

Again in this case, the illuminating light is applied to only the first circuit pattern area 120Aon the reticle 
R and therefore, only the image of the first circuit pattern area 120A is transferred onto the wafer W. When 
scanning is to be effected in the opposite direction, the vanes 107A and 107B of the movable blind 107 are 

30 scanned in the order of Figs. 13F, 13E 13B. The control method shown in Figs. 13Ato 13F has the advan- 
tage that acceleration and deceleration control may be the same, but the interval between the vanes 107A 
and 107B need be equal to or greater than the width of the first circuit pattern area 120A and the movement 
stroke of the vanes 107Aand 107B becomes long and thus, the movable blind 107 becomes bulky. The control 
accuracy of the position of the movable blind 107 shown in Figs. 11Ato 11F and Figs. 13Ato 13F can be within 

35 the width L1 of the light intercepting portions 120C, 120D and 120E, and may be rough as compared with the 
control accuracy of the position of the reticle R. 

Also, in Figs. 11Ato 11F and Figs. 13Ato 13F, the vane (light intercepting plate) in Y-direction (the non- 
scanning direction) which is a vertical direction in the plane of the drawing sheet orthogonal to the scanning 
direction (X-direction) is not shown, but yet the aperture portion formed by this vane in the non-scanning di- 

40 rection may be fixed during scanning exposure. This is apparent from the first embodiment Also, the edge 
portion of the cross-sectional shape of the illuminance distribution of the illumination area 121 in the non-scan- 
ning direction, as in the scanning direction, has a slope by the field stop 105 being deviated from the conjugate 
position with the reticle R, and the cross-sectional shape thereof is a trapezoidal shape (since the length in 
the non-scanning direction is sufficient, it is to be understood that blur does not occur until the cross-sectional 

45 shape becomes a triangular shape). Therefore, it is desirable that the illumination Held between the light in- 
tercepting portions in the non-scanning direction on the reticle R be set in a portion in the illumination area 
121 wherein the illuminance distribution is flat in the non-scanning direction. This is because the slope of the 
edge in the scanning direction is integrated by scanning exposure and does not contribute to the uniformity 
of illuminance, while the slope of the edge in the non-scanning direction intactly contributes to the uniformity 

so of illuminance. 

In this case, the substantial shape of the illumination area 121 on the reticle R is defined in the scanning 
direction by the field stop 105 and in the non-scanning direction by the movable blind 107. While the movable 
blind 107 is constructed so that two vanes in the scanning direction and two vanes in the non-scanning direc- 
tion, thus four vanes in total can be independently driven, the movable blind 107 may be constructed as in Fig. 
55 3 so that two L-shaped vanes can be independently driven in X- and Y-directions. Further, in Figs. 11 A to 11F 
and Figs. 13A to 13F, the width L2 of the illumination area 121 is greater than the width L1 of the light inter- 
cepting portions 120C, 120D and 120E, but if the width L1 of the light intercepting portions 120C, 120D and 
120E can be made greater than the width L2 plus the amount of movement of the reticle during the acceleration 
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and deceleration thereof, the movable blind 107 in the scanning direction could be eliminated. In this case, 
the movable blind 107 will be constructed of only the vanes for the non-scanning direction. 

Reference is now had to describe an example of the operation when the movable blind 107 is constructed 
of two vanes 107A and 107B movable in the scanning direction (X-direction) and two vanes 107C and 107D 

5 movable in the non-scanning direction (Y-direction), thus four vanes in total. In this case, even if a plurality of 
circuit pattern areas are formed on the reticle R in the non-scanning direction (Y-direction), only a desired circuit 
pattern area could be transferred onto the wafer W. That is, where for example, four circuit pattern areas 1 20F 
to 1 20I are formed on the reticle R separately in X-direction and Y-direction, the illuminating light can be applied 
to only one of the four circuit pattern areas 120F to 1201 by independently adjusting the positions of the four 

10 vanes 107A to 107D. The reticle R and the vanes 107 A to 107D are then scanned in X-direction relative to the 
illumination area 121 by the method of Figs. 11Ato 11F or Figs. 13Ato 13F, whereby only a selected circuit 
pattern area on the reticle R is transferred onto the wafer W. 

Now, in the present embodiment, in Fig. 10, the plane on which the fixed field stop 105 is disposed deviates 
in the direction of the optical axis (Z-direction) from a plane RP conjugate with the pattern-formed surface of 

15 the reticle R. With the amount of this deviation being Az, the condition of the amount of deviation Az is found 
with reference to Figs. 15A and 15B. Fig. 15A shows the optical system from the field stop 105 to the wafer 
W in a simplifying manner. In Fig. 1 5A, it is to be understood that the projecting magnification of the relay lens ) 
system 108 is M BR , the projecting magnification of the projection optical system 113 is Mrw, the wafer side 
numerical aperture of the projection optical system 1 1 3 is NA W and the coherence factor indicative of the degree 

20 of the coherency of the illuminating light from the illuminating optical system is <r. At this time, the light beam 
angle 9 of the illuminating light converged at a point on the reticle R and the wafer W on the disposition plane 
(conjugate plane RP) of the movable blind is as follows: 

8 = arcsin(M B RM RW NA w cr) (2) 
Also, the radius r of the blur of the illuminating light on the disposition plane of the fixed field stop 105 

25 spaced apart by Az in the direction of the optical axis from the conjugate plane RP is as follows: 

r = Az-tanG 

3o = Az -tan{arcsin(M BR ' M RW * NA„- a) } (3) 

Also, the radius AD of the blur of the illuminating light emitted from a point on the disposition plane of the 
fixed field stop 105 on the exposed surface (for example, the front surface) of the wafer W is expressed as 
follows: 

35 AD = pMbr-Mrw (4) 

Accordingly, the following equation is established from equations (3) and (4): 
Az = AD/fMBR-MRw-ta^arcsintMBR-MRw-NAw-cr)}] (5) 
When the allowable minimum value of the radius of the blur on the exposed surface of the wafer W formed 
by the illuminating light emitted from a point on the disposition plane of the fixed field stop 105 is ADmin, the 
40 amount of deviation (defocus amount) Az of the fixed field stop 1 05 in the direction of the optical axis can be 
set so as to satisfy the following condition: 

i Az | ^ ADmin/[M BR M R w tan{arcsin(lvlB R 'MRw NA w a)}] (6) 
Also, the allowable minimum value ADmin of the radius of the blur in equation (6) is determined by the 
irregularity or the like of the exposure energy during each pulse light emission of the pulse light source 101 . 
45 By the position of the fixed field stop 105 being thus deviated by Az in the direction of the optical axis from 
the conjugate plane RP with the reticle R, the illuminance distribution E(X) of the illumination area 121 on the 
reticle R in the scanning direction (X-direction), as shown in Fig. 15B, becomes a trapezoidal shape in which 
the edge portions in the scanning direction have widths AL-i and AL 2 , respectively (in the example shown in 
Fig. 15B, Al_2 = AL0. In this case, the interval between positions at which the value of the illuminance distrib- 
so ution E(X) becomes 1/2 of the maximum value, i.e., the half value width L 2 , is the width of the illumination area 
121 in the scanning direction. Where a continuous light source such as a mercury lamp is used in lieu of the 
pulse light source 1 01 , the allowable minimum value ADmin of the radius of the blur becomes very small and 
the amount of deviation Az may be approximately 0. 

While in the present embodiment, the shape of the illumination area 121, i.e., the shape of the aperture 
55 in the field stop 105, has been described as a rectangle, the shape of the aperture is not limited to a rectangle, 
but the illumination area may be, for example, the hexagonal illumination area disclosed in U.S. Patent No. 
3,538,828, the diamond-shaped illumination area disclosed in Japanese Patent Publication No. 53-25790 or 
U.S. Patent No. 4,239,379, or the arcuate illumination area disclosed in U.S. Patent No. 4,682,885. This also 
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holds true in the first and second embodiments. Also, the pulse light source 101 is used as the exposure light 
source, but the present embodiment may also be intactly applied to a case where a continuous light source 
such as a mercury lamp is used as the exposure light source. 

Also, in each of the above-described embodiments, the variable field stop (38, 39; 107) for varying the 

5 width of the aperture in operative association with the scanning of the reticle is comprised of a plurality of mov- 
able blades, but for example, the field stop may be constructed of a liquid crystal display device or an elec- 
trochromic device and the width of the aperture therein may be sequentially varied in the same manner as 
previously described. Also, the field stop (42; 52; 105) for prescribing the illumination area on the reticle may 
be constructed of a liquid crystal display device or an electrochromic device. Further, the projection optical 

10 system used in each of the above-described embodiments may be any of a refracting system, a reflecting sys- 
tem and a catadioptric system. The present invention is not restricted to a projection exposure apparatus, but 
is also applicable to an exposure apparatus of the contact type or the proximity type. Thus, the present inven- 
tion is not restricted to the above-described embodiments, but can assume various constructions without de- 
parting from the gist of the invention. 

Claims 

1. A projection exposure apparatus comprising: 
20 a projection optical system for projecting a pattern formed in a transfer area on a mask onto a pho- 

tosensitive substrate; 

a device for scanning said mask and said photosensitive substrate relative to each other in a di- 
rection substantially perpendicular to the optical axis of said projection optical system to transfer the pat- 
tern of said mask to said photosensitive substrate; 
25 an illuminating optical system for applying illuminating light to the transfer area of said mask 

through an aperture in afield stop disposed apart from a plane conjugate with the pattern surface of said 
mask; 

a member disposed in a plane substantially conjugate with the pattern surface of said mask for 
shielding at least a part of an illumination area on said mask which is defined by the aperture in said field 
30 stop from the light; and 

a member for driving said light intercepting member in operative association with a change in the 
position of said illumination area on the transfer area of said mask which is changed by said relative scan- 
ning. 

35 2. An apparatus according to Claim 1 , wherein when the numerical aperture of said photosensitive substrate 
side of said projection optical system is NA W and the coherence factor of said illuminating optical system 
is a and the projecting magnification of said projection optical system is M RW and the magnification of an 
optical system disposed between the plane conjugate with the pattern surface of said mask near the dis- 
position plane of said field stop and the pattern surface of said mask is M BR and the allowable minimum 

40 value of the radius of blur, on said photosensitive substrate, of the light emitted from a point on the dis- 

position plane of said field stop is ADmin, the interval Az between the disposition plane of said field stop 
and the plane conjugate with the pattern surface of said mask in the direction of the optical axis of said 
illuminating optical system satisfies the following relation: 

I Azl ^ ADmin/[M BR M RW -tan{arcsin(M BR -M RW NA w -a)}]. 

45 

3. An apparatus according to Claim 2, wherein said illuminating optical system includes a pulse light source 
generating pulse light as said illuminating light. 

4. An apparatus according to Claim 3, wherein said pulse light source is an excimer laser source. 

5. An apparatus according to Claim 1 1 wherein said light intercepting member is a variable field stop in which 
the width of an aperture for passing said illuminating light therethrough is variable. 

6. An apparatus according to Claim 5, wherein said variable field stop has two light intercepting plates mov- 
able in the direction of said relative scanning, and said driving member drives said two light intercepting 

55 plates to thereby vary the width of the aperture in the direction of said relative scanning. 

7. An apparatus according to Claim 1, wherein the aperture in said field stop is set to a shape conforming 
to the distribution of an integrated exposure amount in a direction perpendicular to the direction of said 
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relative scanning. 

8. An apparatus according to Claim 1, wherein said field stop is formed by applying light intercepting film 
onto a light transmitting substrate. 

5 

9. An apparatus according to Claim 1 , further comprising: 

a first optical member for changing the intensity distribution of the illuminating light passing through 
a plane which is in Fourier transform relationship with the pattern surface of said mask; and 

a second optical member for varying the shape of the aperture in said field stop in conformity with 
1Q a change in said intensity distribution. 

10. A projection exposure apparatus comprising: 

a projection optical system for projecting a pattern formed in a transfer area on a mask onto a pho- 
tosensitive substrate; 

a device for scanning said mask and said photosensitive substrate relative to each other in a di- 
75 rection substantially perpendicular to the optical axis of said projection optical system to transfer the pat- 

tern of said mask to said photosensitive substrate; and 

an illuminating optical system for applying illuminating light to the transfer area of said mask 
through an aperture in a field stop disposed on or near a plane conjugate with the pattern surface of said 
mask; 

20 the aperture in said field stop being set to a shape conforming to the distribution of an integrated 

exposure amount in a direction perpendicular to the direction of said relative scanning. 

11. An apparatus according to Claim 1 0, further comprising: 

a member disposed in a plane substantially conjugate with the pattern surface of said mask for 
25 shielding at least a part of an illumination area on said mask which is defined by the aperture in said field 

stop from the light; and 

a member for driving said light intercepting member in operative association with a change in the 
position of said illumination area on the transfer area of said mask which is changed by said relative scan- 
ning. 

30 

12. A projection exposure apparatus wherein, during a scanning projection operation to project an image of 
a mask onto a substrate, a prearranged field stop defines an exposure area for scanning the mask, and 
means movable relative to the prearranged field stop are provided to selectively further limit the exposure 
area defined by the prearranged field stop. 

35 

13. A projection exposure apparatus wherein, during a scanning projection operation to project an image of 
a mask on to a substrate, afield stop has a prearranged aperture to define an exposure area on the mask 
as the mask is scanned in a predetermined direction, the shape of the aperture being based on an optical 
characteristic of the system to provide a uniform integrated exposure characteristic in a direction perpen- 

40 dicular to the scanning direction. 
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